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The aim of this study is to investigate drinking water contamina-
tion and to identify potential sources of contamination during the
water production and delivery process in the middle area of the
Gaza Strip. The samples were taken from private desalination
plants, water tankers, distribution points located in stores along
the streets, household storage units, and from private wells. The
presence of biological contamination was detectable in 20.0% of
storage tanks of private desalination plants, 26.7% of water tankers,
74.0% of drinking water distribution points and 75.7% of drinking
water household storage tanks. With reference to chemical
investigations, pH was mostly below the acceptable level, with
values ranging from 4.4 to 6.3, with an average value of 5.4. Low
pH was also conﬁrmed in the samples taken from household and
distribution points. The results of the chemical and bacteriological
parameters were compared with World Health Organization
(WHO) and Palestinian Water Authority (PWA) guidelines for
drinking water.
& 2013 The Author. Published by Elsevier B.V.
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1. Introduction
The Gaza Strip is a narrow area lying along the southwestern portion of the Palestinian coastal
plains; its area is about 365 km2 (Fig. 1). The length is about 45 km on the western Mediterranean
coast and the width varies from 7 km to 12 km. The Sinai Desert is located in the south, the Naqab
Desert in the east and the Mediterranean Sea in the west [1]. The population density in the Gaza Strip
is considered to be the highest in the world, with a population of 1.6 million people and a growth rate
of 3.5% annually [2]. The Gaza Strip is located in an arid to semiarid region; all the rainfall occurs
between October and April. The annual precipitation ranges from 230 mm in the south to 410 mm in
the north [3].
The Gaza Strip Pleistocene granular aquifer is an extension of the Mediterranean seashore coastal
aquifer. It extends from Askalan (Ashqelon) in the North to Rafah in the South, and from the seashore
to 10 km inland. The aquifer is composed of different layers of dune sandstone, silt clays and loams
appearing as lenses, which begin at the coast and feather out to about 5 km from the sea, separating
the aquifer into major upper and deep sub-aquifers. The aquifer is built upon the marine marly clay
(Saqiye group) from the Neocene [4], having a hydraulic conductivity of about 108 m/s [5]. In the
east-south part of the Gaza Strip, the coastal aquifer is relatively thin and there are no discernible sub-
aquifers [6].
The population growth and socio-economic development mainly control water demand for different
uses. In the year 2010, it was estimated that approximately 150 Mm3/yr of water was pumped from
about 4100 wells [7], of which about 90 Mm3/yr of water was used for irrigation and 60 Mm3/yr was
pumped for domestic and industrial uses from 100 municipal wells [8].
Groundwater is the main water resource in the Gaza Strip. The aquifer is intensively exploited through
more than four thousands of pumping wells. As a result of its intensive exploitation, the aquifer has been
experiencing seawater intrusion in many locations in the Gaza Strip. The groundwater quality changes in
both horizontal and vertical directions. Fresh groundwater is not distributed evenly throughout the whole
of the Strip. Salinity of the groundwater increases over time due to seawater intrusion and mobilization of
incident deep brackish water caused by over-abstraction of the groundwater. In most parts of the Gaza
Strip, the chloride and nitrate content of domestic water exceeds the WHO guidelines [9].2. Materials and methods
The water samples were collected and analyzed during year 2009 by the team of Palestinian
Hydrology Group (PHG) as follows: 19 water samples taken from the private desalination plants, 15 water
samples taken from the water tankers, 77 water samples taken from the drinking water distribution
points in Al Buraij, Al Nussierat and Al Salga, 231 water samples taken from the household storage tanks in
Al Buraij, Al Nussierat and Al Salga, and 9 water samples taken from private wells in the area.
The sample size at household and community level was deﬁned according to the estimated number
of residents of each block of the camps, approximately targeting 3% of the households. The water
samples were analyzed in laboratories of Water and Environment Institute at Al Azhar University, Gaza,
Palestine. Chemical analyses were performed for major ions content using standard methods [10].
Electrical conductivity and pH were measured directly in the ﬁeld using a portable instrument called
Electrochemistry made by CIBA-CORNING. Sodium and potassium were analyzed using a Flame
Photometer and nitrate was determined by a cadmium reduction method, followed by spectro-
photometric measurement at 540 nm wavelength. The calcium and magnesium were determined with
EDTA, while titration with mercury nitrate was used to determine chloride. For alkalinity, a titration
Fig. 1. Map of the Gaza Strip with geographic location of the investigated area.
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Bacteriological analyses of water samples were analyzed for total coliform and fecal coliform in
duplicate samples. Total coliform and fecal coliform bacteria were enumerated by the membrane ﬁlter
method using m-FC agar. 250 ml of the water sample was ﬁltered through a sterile membrane ﬁlter of
0.45 mm [12].
Data analysis was performed with the Statistical Package for the Social Sciences, IBM – SPSS
Statistics V20.0 [13]. Descriptive statistics (frequencies, percentage and cross-tabulation) were used to
describe the main features of the data and to study the bivariate relationships between the variables.
Bivariate Chi-square tests were used to identify the signiﬁcance (α¼0.05) of the associations between
each of the covariates of interest and the dichotomous dependent variable (contamination or no
contamination). Logistic regression (for binary outcome) was used to model the association between
living area (residence) and the dichotomous dependent variable (contamination or no contamina-
tion). The associations between categories of the predictor variables and the outcome are expressed as
odds ratios with 95% conﬁdence intervals (CI).3. Results and discussion
Chemical analyses of 19 water samples were conducted for product of private desalination plants
(RO). pH was below the WHO and PWA acceptable level of 6.5–8.5 in 18 samples out of 19 samples,
with values ranging from 4.4 to 6.5, with an average value of 5.5. Low pH was also conﬁrmed in the
A.M. Aish / Water Resources and Industry 4 (2013) 13–2016samples taken at household and distribution points. TDS levels were extremely low, ranging from 23
to 197 mg/l, with only 5 samples out of 19 above 100 mg/1 with an average value of 77.9 mg/1.
Chloride ranged from 12.4 to 54.3 mg/1 with an average value of 39.8 mg/1. Calcium ranged from 3 to
4.5 mg/l with an average value of 3.9 mg/l. Magnesium ranged from 1 to 2 mg/l with an average value
of 1.8 mg/1. Sodium ranged from 7.1 to 27.7 mg/1 with an average value of 20.7 mg/1. Potassium
ranged from 0.1 to 1.5 mg/l with an average value of 0.4 mg/l. Nitrate ranged from 4.1 to 19.5 mg/l
with an average value of 9.5 mg/l. Fluoride ranged from 0.05 to 0.19 mg/l with an average value of
0.1 mg/1. Low ﬂuoride intake is also a potential consideration with regard to the loss of ﬂuoride from
the bones. The optimal drinking water concentration of ﬂuoride for dental health is generally between
1.0 and 1.5 mg/l and depends upon the volume of drinking water consumed as well as intake and
exposure from other sources. The results were compared with World Health Organization (WHO) and
Palestinian Water Authority (PWA) guidelines for drinking water as shown in Table 1.
Water samples were taken from private reverse osmosis desalination plants (RO) for microbiological
analysis Fig. 2. Out of the 15 samples taken for microbiological analysis at the storage tanks used to store
water after desalination treatment and before ﬁlling water tankers, 12 samples revealed no biological
contamination, 3 revealed levels of total coliforms and one of these samples revealed also a fecal
coliforms presence. The four water samples taken at the product of the desalination plants before
storage indicate no biological contamination as shown in Table 2. Microbiological analyses of 15 water
samples were taken from water tankers distributing drinking water. Three samples were found to have
fecal streptococcus contamination; one of these contaminated tankers also revealed the presence of
fecal coliforms and four tankers showed levels of total coliforms presence as shown in Table 2.Table 1
Comparison of physicochemical water quality of desalination plants (RO) with WHO and PWA drinking water guidelines.
Parameters Minimum Maximum Average Median Standard deviation WHO PWA
pH 4.81 7.72 6.10 5.93 0.79 6.5–8.5 6.5–8.5
TDS (mg/l) 42.5 422.2 178.7 148.2 100.6 1000 1500
Mg2þ (mg/l) 0.6 9.0 5.0 5.5 2.4 60 150
Ca2þ (mg/l) 1.4 28.0 10.2 9.0 6.3 100 100
Naþ (mg/l) 8.0 112.0 43.2 35.0 8.0 200 200
Kþ (mg/l) 0.1 0.9 0.5 0.4 0.1 5 12
HCO3 (mg/l) 8.7 51.0 28.6 24.8 10.4 200 200
Cl (mg/l) 17.9 141.0 62.2 47.3 36.8 250 600
NO3 (mg/l) 3.9 62.0 29.4 24.8 20.7 45 70
SO42 (mg/l) 0.1 38.0 4.9 1.3 9.4 250 250
Fig. 2. Reverse osmosis plants and water tankers distributing drinking water.
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ﬁlling the tankers was not evident. The drivers of the contaminated tankers as well as those of the
tankers without contamination all stated that they cleaned their tankers approximately once a month.
In all cases, during tanker ﬁlling the hose touched the ground and safety practices were not applied by
those drivers while handling water. Moreover, all drivers claimed to completely empty their tanks
before reﬁlling them. They also stated that the average of reﬁlling the tankers is between 2 and 5
times per day. None of the tanker drivers ever added chlorine to the water they transport.
Microbiological analyses of 77 water samples were taken from drinking water distribution points
(stainless steel storage tanks located outside shops) conducted from Al Buraij, Al Nussierat and Al
Salga area Fig. 3. Contamination was found in stainless steel distribution tanks, where out of the 77
samples tested, total coliforms were present in 58 samples with 28 samples revealing low levels
of contamination (less than 10 colonies per 100 ml), 20 samples revealing medium levels ofTable 2
Contamination percentages of desalination plants, tankers, distribution points and household storage tanks.
Parameters Desalination plants Tankers Distribution points Household storage tanks
Contaminated Contaminated Contaminated Contaminated
S. no. S. no. (%) S. no. S. no. (%) S. no. S. no. (%) S. no. S. no. (%)
Fecal coliform 19 1 5.3 15 1 6.7 77 20 26.0 226 91 40.3
Fecal streptococcus 19 0 0 15 3 20.0 77 21 27.0 226 43 19.0
Total coliform 19 3 15.8 15 4 26.7 77 58 74.0 226 171 75.7
S. no.: sample numbers.
WHO and PWA guidelines for drinking water: FS=0 CFU/100 ml; FC=0 CFU/100 ml; TC=0 CFU/100 ml.
Fig. 3. Drinking water distribution points (plastic and stainless steel storage tanks).
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contamination (more than 100 colonies per 100 ml). In addition to this, 20 samples showed the
presence of fecal coliforms, 18 samples with less than 10 colonies per 100 ml, and two samples
revealed medium levels of contamination (between 11 and 100 colonies per 100 ml). Also 21 samples
showed the presence of fecal streptococcus, and 3 samples revealed a value higher than 100 colonies
per 100 ml, while 18 samples revealed levels of contamination from 1 to 100 colonies per 100 ml as
shown in Table 2.
Chemical analysis of distribution points conﬁrmed the low level of pH ranging from 5.2 to 6.8, with
an average value of 6.2. Also TDS concentration was low, ranging from 37 to 168 mg/l with an average
value of 86.8 mg/l.
Microbiological analyses of 226 water samples were conducted from drinking water household
storage tanks from Al Buraij, Al Nussierat and Al Salga area. Very consistent levels of contamination
were found, reaching an average of 76% of total coliforms contamination, with 65 samples revealing
low levels of contamination (less than 10 colonies per 100 ml), 66 samples revealing medium levels of
contamination (between 11 and 100 colonies per 100 ml), and 40 samples revealing high levels of
contamination (more than 100 colonies per 100 ml). In addition to this, 91 samples showed the
presence of fecal coliforms, 58 samples with less than 10 colonies per 100 ml, 21 samples revealed
medium levels of contamination (between 11 and 100 colonies per 100 ml) and 12 samples revealing
high levels of contamination (more than 100 colonies per 100 ml). Also 43 samples showed the
presence of fecal streptococcus, 26 samples with less than 10 colonies per 100 ml, 15 samples revealed
medium levels of contamination (between 11 and 100 colonies per 100 ml) and two samples revealing
high levels of contamination (more than 100 colonies per 100 ml) as shown in Table 2.
Chemical analysis of drinking water household storage tanks conﬁrmed the level of pH with values
ranging from 5.6 to 7.8, with an average value of 7.3, chlorides concentration ranging from 32.3 to
100.4 mg/l with an average value of 74.6 mg/l and nitrate concentration ranging from 6.2 to 62.7 mg/l
with an average value of 45.3 mg/l.
Table 3 shows the results of the binary logistic regression that was applied to identify the impact of
demographic factors (area) on occurrence of contamination at drinking water household storage
tanks. Demographic factor (living area) has a signiﬁcant association with fecal and streptococcus
contamination (p-value¼0.000, 0.001). The risk of fecal coliform contamination is 3 and 12 timesTable 3
Statistical analysis (univariate analysis and logistic regression): association between living area and contamination at
distribution points.
Area Parameters
Contamination χ2 p-value OR CI
Yes No
N (%) N (%)
Fecal coliform 0.55 0.761
Al Buraij 15 28.3 38 71.7 0.494 0.32 (0.83–1.4)
Al Nusseirat 3 23.1 10 76.9 0.769 0.21 (0.06–1.9)
Al Salqa 2 18.2 9 81.8 1 1
Fecal Streptococcus 1.41 0.528
Al Buraij 15 28.3 38 71.7 0.596 0.69 (0.32–2.1)
Al Nusseirat 2 15.4 11 84.6 0.217 0.31 (0.02–31.3)
Al Salqa 4 36.4 7 63.6 1 1
Total coliform 1.78 0.452
Al Buraij 39 73.6 14 26.4 0.243 0.28 (0.03–2.4)
Al Nusseirat 9 69.2 4 30.8 0.217 0.23 (0.08–2.5)
Al Salqa 10 90.9 1 9.9 1 1
po0.05 indicates a signiﬁcant association.
Adjusted OR: all variables were entered in one model with adjustment for each other.
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storage tank (OR¼2.9, CI¼1.6–5.1; OR¼12, CI¼2.9–18.3, respectively). The risk of streptococcus
contamination is four times lower for Buraij household storage tank, compared to that of Al Salqa
household storage tank (OR¼0.24, CI¼0.07–0.45). The signiﬁcant association between living area and
occurrence of contamination could be inﬂuenced by socioeconomic factors (educational level, net
income, occupational status, etc.)
In Table 4, demographic factor (living area) has no signiﬁcant association with the occurrence of
contamination at drinking water distribution points of fecal coliform, fecal streptococcus and total
coliform (p-value¼0.761, 0.528, and 0.452, respectively).
Microbiological and chemical analyses of 9 municipal groundwater wells were conducted in the
study area. All samples showed no bacteriological contamination. Chemical analysis showed that the
average TDS, Cl and Na values exceeded the WHO and PWA acceptable level: TDS ranged from
680.4 mg/l to 3106.6 mg/l, with an average value of 751.2 mg/1; chloride ranged from 179.3 mg/1 to
1231.5 mg/1 with an average value of 718.8 mg/1 and sodium ranged from 109.0 mg/1 to 680.0 mg/1Table 4
Statistical analysis (univariate analysis and logistic regression): association between living area and contamination at household
storage tanks.
Area Parameters
Contamination χ2 p-value OR CI
Yes No
N (%) N (%)
Fecal coliform 28.25 0.000
Al Buraij 52 59.1 36 40.9 0.000 12.1 (2.9–18.3)
Al Nusseirat 38 33.3 76 66.7 0.001 2.91 (1.6–5.1)
Al Salqa 1 4.2 23 95.8 1 1
Fecal streptococcus 15.88 0.001
Al Buraij 6 6.8 82 93.2 0.000 0.24 (0.07–0.45)
Al Nusseirat 33 28.9 81 71.1 0.146 2.72 (0.72–10.6)
Al Salqa 4 16.7 20 83.3 1 1
Total coliform 2.81 0.266
Al Buraij 68 77.3 20 22.7 0.390 0.74 (0.41–1.4)
Al Nusseirat 82 71.9 32 28.1 0.279 2.18 (0.62–7.6)
Al Salqa 21 87.5 3 12.5 1 1
po0.05 indicates a signiﬁcant association.
Adjusted OR: all variables were entered in one model with adjustment for each other.
Table 5
Comparison of physicochemical water quality of municipal groundwater wells with WHO and PWA drinking water guidelines.
Parameters Minimum Maximum Median Average Standard deviation WHO PWA
pH 7.14 7.65 7.37 7.33 0.2 6.5–8.5 6.5–8.5
TDS (mg/l) 680.4 3106.6 2016.9 1996.5 751.2 1000 1500
Mg2þ (mg/l) 37.0 161.0 79.0 58.0 42.2 60 150
Ca2þ (mg/l) 39.0 178.0 102.9 95.0 50.5 100 100
Naþ (mg/l) 109.0 680.0 459.2 465.0 173.6 200 200
Kþ (mg/l) 2.1 16.3 5.5 4.1 4.2 5 12
HCO3 (mg/l) 210.0 395.0 284.8 270.8 54.8 200 200
Cl (mg/l) 179.3 1231.5 741.4 718.8 329.5 250 600
NO3 (mg/l) 21.0 190.5 77.9 62.4 53.7 45 70
SO42 (mg/l) 75.0 496.8 231.7 185.0 148.8 250 250
A.M. Aish / Water Resources and Industry 4 (2013) 13–2020with an average value of 465.0 mg/1. Magnesium, calcium, potassium, nitrate and sulfate values are in
accordance with WHO and PWA guidelines as shown in Table 5.4. Conclusions and recommendations
Results demonstrated that the pH of water tested from private desalination units was found below
the World Health Organization and Palestinian Water Authority drinking water acceptability
standards. Adjustment of pH to a range of 6.5–8.5 is advised. Bacteriological contamination of
drinking water distribution points and storage tanks was the most signiﬁcant source of contamination
due to the unsafe storage system. Water transportation appears to be only one of the potential causes
of ﬁnal contamination. Frequent cleaning of drinking water tankers and storage tanks and proper
implementation of water disinfection are recommended.
Chemical analysis of municipal groundwater wells shows that the average TDS, Cl and Na values
exceed the WHO and PWA acceptable level. Public awareness of health risks associated with poor
disinfection and cleaning storage tanks should be increased.Conﬂict of interest
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